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I. Introduction
The reason that buried cultural properties, including archaeological sites, in desert areas (dry 
region) – not just in Egypt – have remained in good condition is precisely because of the dry 
environment. Since, in general, water plays a great part in the deterioration of most maters, ancient 
archaeological sites that were buried underground in a desert area where there is very litle water 
have been preserved until now. Water is the very source of life. In a world without water, al life 
ceases, time stops, and ancient times remain dormant. But once a site is excavated and exposed to 
air, it awakens from long sleep and deterioration progresses rapidly. The reason is, of course, water. 
Where does that water come from? Rain certainly fals, but only in a very smal amount (that is 
why the area is a desert). Then, where does water come from? It comes from air. In a desert area, 
the temperature changes greatly within a day. Of course, although there is some diference in 
temperature between summer and winter, throughout the year the temperature difers by over 20 
degrees centigrade everyday. This change in temperature is accompanied by a great change in 
humidity. The diference is great especialy in summer, the maximum being over 90% and the 
minimum being less than 5%. In a desert area where fine weather continues, the surfaces of remaining 
structures are cooled down more than the atmosphere by radiation cooling. Because of this, 
condensation occurs in the early morning when humidity is high, and this becomes the source of 
water.
What, then, occurs in underground burial places? Even in a desert, humidity can become quite 
high and its influence can be observed. However, because temperature is quite stable, the environment 
becomes ideal in places where humidity does not become high. Ancient mural paintings at such places 
have remained wonderfuly colorful. The mural paintings on the wal of the underground burial 
chamber of Mastabas Idout in Saqqara are typical examples.
The results of measurement of the environment at the Abusir South site and at the underground 
burial chamber of Mastaba Idout in Saqqara, both outside Cairo in Egypt, are reported.
II. Measurement of the environment at the Abusir South site
1. Abusir South site
The excavation of the Abusir South site in the Abusir South area (Saqqara North area) outside 
Cairo, Egypt has been conducted since 1991 by the excavation survey team of Waseda University. 
It has become clear that this hilside was an extremely important “holy hil” from the time of the ancient 
Egyptian dynasties. Many valuable remains and relics have been excavated from the site including 
the world’s oldest large-scale remains of a layered stone structure and shaft (c. BC26th century), 
rock remains of the middle dynasty (c. BC10th century), mud brick buildings and archaeological 
remains associated with the kings of the middle 18th dynasty, Amenhotep I (1431–1405BC) and 
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Thutmose IV (1405–1395BC), and a stone structure and afiliated facilities (mud brick houses) 
associated with Prince Khaemwaset, the fourth son of Rameses I of the 19th dynasty. Investigation 
and research are also being conducted, together with excavation, for the preservation, restoration, 
maintenance and utilization of the valuable excavated archaeological remains and relics.
The site is located on an area extending from the slope of a hil to its summit about 30 m high 
in a completely desert area. Sand covers the rock mass and there are no grass or trees. The site 
is directly exposed to strong sunlight and wind (Figs. 1, 2).
2. Method of measurement
Measurement is taken automaticaly every hour 
by a computer controled continuous automatic 
environment measurement system without electrical 
power supply (batery operated). Data obtained are 
accumulated on the memory of a data logger (data 
storage equipment). Data are colected once a year, 
analyzed and studied. Items measured are:
Air temperature (°C)
Air humidity (%)
Insolation intensity (kw/m2)
Precipitation (mm/h)
Temperature of the stone surface (°C)
Temperature inside the stone (°C)
Wind direction (deg.)
Wind velocity <maximum velocity per hour (m/s)>
The measurement system was instaled on the roof 
of the observation cabin within the site (Fig. 3). In this 
measurement, the temperature on the surface is that on 
the surface of the cement-mortar layer on the roof of 
the observation cabin and the temperature inside of the 
stone is that 2 cm inside from the surface.
3. Results of measurement
Major results of measurement are shown in Figs. 4–9. The folowing are the findings obtained 
Fig. 1　Abusir South site Fig. 2　Location of Abusir South site
Fig. 3　Environment measurement system 
(part of censors)
from the results of measurement.
 i) Air temperature generaly changes with the seasons, but may temporarily increase suddenly 
(Fig. 4).
 i) The annual change in the temperature of the surface of stone matches that of air temperature, 
but the change within a day is large, its range being approximately twice that of air 
temperature. It is especialy large at high temperature. This is due to the direct rays of 
the strong sunlight (Fig. 5).
ii) Annual change in air humidity changes by seasons inversely with that of air temperature. 
However, change within a day is very large, and the influence of daily change on the 
archaeological remains is by far the larger. This is because large change within a day in 
humidity causes condensation. This large change in air humidity is in complete inverse 
proportion to that of air temperature. If the increase in temperature is large, humidity wil 
fal greatly (Fig. 6); if the temperature fals much, humidity wil increase greatly. In such 
an environment, extremely large condensation wil occur. Fig. 7 shows the change in 
temperature and humidity in a day and the change in the moisture content of the surface 
layer of the rock (Uchida 2006: 52–57). It is obvious that condensation water penetrates 
into the rock in early morning and evaporates sharply in the daytime.
iv) With regard to the amount of insolation, the diference in insolation time is, on the whole, 
reflected as the diference in the amount of insolation since the site is located in a desert 
area where there is very litle cloudy weather.
v) There were only 4 days with precipitation exceeding 0.5 mm/day, and the total amount of 
rain is also very smal, it being 9 mm. The annual precipitation at Cairo Airport is 26.7 
mm, and the precipitation from May to November is almost 0 mm, according to the oficial 
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Fig. 5　Temperatures of air and the surface of stone
Fig. 4　Air temperature
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Fig. 6　Changes of temperature and humidity within a day
Fig. 7　Change of the moisture content of sample stones and 
the changes of temperature and humidity in a day
Fig. 8　Precipitation
records. Given that it is not possible to measure precipitation of less than 0.5 mm with 
the sensor instaled at the site, the result of measurement <9mm annualy and on 4 days 
between December and February> is reasonable (Fig. 8). From the point of view of 
preservation of a site, the fact that precipitation is low is a quite favorable condition. 
However, it is said that recently precipitation tends to be on the increase. If precipitation 
should increase sharply in the future influenced by the change in climate, the result can 
be extremely dangerous.
vi) The direction of the wind is basicaly from the northwest to north. However, in winter 
there is wind from the south. There is almost no wind blowing from the east. Monthly 
maximum wind velocity throughout the year is 10–20 m/sec. This is not at al smal, but 
considering that the site is on the summit of a hil, it is not especialy large, either (Fig. 
9).
III. Measurement of the environment at the underground burial chamber of Mastaba Idout 
in Saqqara
1. Mastaba Idout
There are many tombs from the early dynastic period to the late period in Saqqara including 
the Step Pyramid of Djoser of the 3rd dynasty, which is said to be the oldest pyramid. It is the 
largest tomb area in Egypt. Mastaba is an Arabic word meaning a seat (bench), and Egyptian tombs 
are so caled because their shape is similar to that of a mastaba. Idout is the name of the owner 
(the buried one) of the mastaba tomb and is said to be the daughter of Unas, the last king of the 
ancient Egyptian dynasties.
This mastaba is said to date to about BC 2360. In the ancient Egyptian dynasties, a pyramid 
was said to be the tomb of a king while a mastaba was the tomb of a noble or a member of the 
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Fig. 9　Wind velocity
Fig. 10　Shaft to burial chamber Fig. 11　Burial chamber
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king’s family. The underground burial chamber is located approximately 13 m below the ceiling 
of the mastaba; it is approximately 10.5 m in the north-south direction, approximately 4.5 m in the 
east-west direction, and approximately 3 m high. The surface of the wal is covered with a foundation 
of plaster (gypsum) on which paintings of meat, birds, beer and other oferings, and an inventory 
of oferings are drawn for the wel-being of the person buried. When the mastaba was excavated 
in 1935, briliantly colorful wal paintings were discovered, gathering great atention. However, at 
the time of the excavation, a great part of the surface of the wal paintings had been lost with its 
mother rock or with the plaster foundation. Although this underground burial chamber was closed 
after excavation, it became clear with investigation in 2003 that loss was progressing rapidly. Thus, 
work to preserve the mural paintings is continuing since 2005 (Figs. 10–13).
Fig. 12　Cross section and plan of the shaft and burial chamber
Fig. 13　Mural paintings on the wal of the burial chamber
2. Method of measurement
In order to investigate the temperature and humidity, measuring instruments (data loggers) were 
instaled at 4 places: outside, at the botom of the shaft (a vertical shaft to the underground burial 
chamber: approximately 3 m square, 1.3 m × 1.2 m on the botom, approximately 12.5 m deep; outside 
the underground burial chamber), inside the underground burial chamber (entrance), and inside the 
underground burial chamber (at the farthest end from the entrance) (Fig. 14).
3. Results of measurement
Results of measurement taken outside (air) and inside the underground burial chamber (farthest 
from the entrance) are shown in Figs. 15 and 16.
Saqqara is in a desert area. The diference between the maximum and minimum temperature 
and humidity within a day is quite large. Outdoors, the diference between the maximum and 
minimum temperature is close to 20°C. Early in the morning when the temperature fals, humidity 
rises to about 90%, while during the day when the temperature rises because of strong sunshine 
humidity decreases to about 10% (Fig. 15). At night, the surface temperatures of rocks becomes lower 
than the air temperature due to radiation cooling, thus causing condensation in early morning hours.
Generaly the diference in temperature and humidity within a day and within a year inside the 
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Fig. 14　Data logger used for measurement
Fig. 15　Temperature and humidity of the outside air
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underground burial chamber is smaler. This is especialy noticeable in the case of the underground 
burial chamber of the Mastaba Idout, the temperature being 23 ± 1°C and humidity being 55 ± 7%. 
The environment here is truly ideal (Fig. 16). It is possible to consider that this environment is a 
factor that has kept the colors of the wal painting beautiful for 4400 years.
In many of the underground burial chambers in Egypt, the temperature is stable but the humidity, 
generaly, is comparatively high. It is known that there are mold-related problems at places like the 
tomb of Queen Nefertari (Luxor). Even in a desert area, there is quite an amount of moisture 
underground and tombs are commonly influenced by this moisture. However, it is fortunate that 
the underground burial chamber of Mastaba Idout has not been influenced much by underground water 
In order to preserve the colors of the wal paintings in the future, it is necessary to maintain this 
environment.
IV. Conclusion
In the dry, buried environment of a desert area, archaeological remains and relics have been 
preserved in quite a good condition and valuable cultural heritage has been excavated. However, 
deterioration begins rapidly immediately after excavation, leading to colapse and the risk of complete 
loss.
From the point of view of preservation alone, the most appropriate way is to bury the excavated 
site again as it is. Beter stil, the best method for preservation is to not excavate at al. However, 
cultural heritage acquires value for the first time only if its existence is known, evaluated and shared 
as a valuable asset of mankind. It may be said that excavating and investigating sites to elucidate 
the history of mankind and to make the sites widely known to the public and to utilize it is the cultural 
activity of mankind.
To preserve an excavated site means to maintain the condition of the site at the time of excavation; 
in other words, it means to prevent (delay) deterioration. For this, it is fundamental to remove (reduce) 
deterioration factors. Thus, it is necessary to first learn about the factors and process of deterioration. 
It is quite important to search for these from the aspect of the environment and it is our wish to proceed 
with detailed investigation and study.
Fig. 16　Temperature and humidity in the burial chamber
